Context -During the last two decades, functional biodiversity research has provided strong support for the hypothesis that more biodiverse ecosystems have the potential to deliver more and better services. However, most empirical support for this hypothesis comes from simple structured communities that are relatively easy to manipulate. The impact of forest biodiversity on forest ecosystem functioning has been far less studied. Experiment design -In this paper, we present the recently established, large-scale FORBIO experiment (FORest BIOdiversity and Ecosystem Functioning), specifically designed to test the effects of tree species diversity on forest ecosystem functioning. FORBIO's design matches with that of the few other tree diversity experiments worldwide, but at the same time, the FORBIO experiment is unique as it consists of a similar experimental set-up at three sites in Belgium (Zedelgem, Hechtel-Eksel and Gedinne) with contrasting edaphic and climatological characteristics. This design will help to provide answers to one of the most interesting unresolved questions in functional biodiversity research, notably whether the effects of complementarity on ecosystem functioning decrease in less stressful and more productive environments. At each site, FORBIO consists of 41 to 44 plots (127 plots in total) planted with monocultures and mixtures up to four species, selected from a pool of five site-adapted, functionally different tree species. When allocating the treatments to the plots, we maximally avoided any possible covariation between environmental factors. Monitoring of ecosystem functioning already started at the Zedelgem and Gedinne sites and will start soon in Hechtel-Eksel. Multiple processes are being measured and as the trees grow older, we plan to add even more processes. Expected results -Not only basic science, but also forest management will benefit from the results coming from the FORBIO experiment, as FORBIO is, for instance, also a test case for uncommon, not well-known tree species mixtures. To conclude, FORBIO is an important ecosystem experiment that has the potential to deliver badly needed insights into the multiple relationships between biodiversity and ecosystem functioning, which will be valuable for both science and practice.
INTRODUCTION
Forests are among the most complex ecosystems on earth. They harbour a large part of the terrestrial biodiversity and provide human society with a large range of services, from the supply of wood and energy, over the regulation of climate and water flows to the provision of a recreation space and aesthetic and spiritual values (Millennium Ecosystem Assessment 2005) . However, human society strongly altered the extent and the structure and composition of forests in large parts of the world. It is estimated that the global extent of forest cover decreased by 50% during the Holocene, and today, the global forest cover is still decreasing at a rate of c. 5.2 million ha per year (FAO 2010) , mainly in the tropics and subtropics. Not only have forests disappeared, but many of the forests still existing today have a strongly simplified structure and composition. It is estimated that only 36% of the present forest area consists of natural forests; the other 64% has been converted to semi-natural or plantation forests, often composed of a limited number of tree species (FAO 2010) .
The depletion of natural resources at an ever increasing rate (e.g. www.wri.org), combined with an unprecedented impact of the human enterprise on the globe (Rockström et al. 2009 ), will reinforce the need for ecosystems that can provide a wide range of services and that exhibit a high resistance and resilience to disturbances. During the last two decades, functional biodiversity research has provided strong support for the hypothesis that more biodiverse systems have the potential to deliver more and better services (Biodiversity and Ecosystem Functioning hypothesis or BEF hypothesis; for reviews see: Hooper et al. 2005 , Balvanera et al. 2006 , Cardinale et al. 2011 , Hooper et al. 2012 . The positive impact of biodiversity on ecosystem functioning has been attributed to two types of mechanisms, which are not mutually exclusive. In the 'selection effect', dominance by species with particular traits affects ecosystem processes, whereas in the 'complementarity effect', resource partitioning or positive interactions lead to increased total resource use and better functioning (Loreau & Hector 2001) . Recently, the accumulation of soil pathogens, and the negative feedbacks associated with them, has been shown to represent an alternative mechanism why monocultures and low-diversity mixtures exhibit a decreased functionality (e.g. Maron et al. 2011 , Schnitzer et al. 2011 ). However, most empirical support for the BEF hypothesis comes from communities that are relatively easy to manipulate, such as algal and grassland communities. The impact of biodiversity on forest functioning has been far less studied, despite the global importance of forests.
Until now, most empirical tests of the BEF hypothesis in forests have looked at the relationship between tree species diversity (mostly richness) and ecosystem functioning using one of three complementary approaches. These approaches differ in orthogonality, comprehensiveness and representativity (cf. Nadrowski et al. 2010 ). The first approach, i.e. data mining of large forest inventory databases (e.g. Vilà et al. 2007) , has a high degree of representativity. In general, however, data for the quantification of only a few functions are available, and confounding factors may mask the BEF signal in the data, i.e. the comprehensiveness and orthogonality of the approach are limited. Others have used a network of observational plots in existing forests that vary in tree species diversity (e.g. Leuschner et al. 2009 ). These observational plots should be carefully selected to optimize orthogonality, which generally reduces the representativity. The logistical constraints of working in mature tree stands can limit the comprehensiveness of this approach. The third approach is the experimental creation of a tree diversity gradient, the so-called synthetic community approach. In grasslands, this type of experiments has proven its merits and significantly deepened our knowledge on BEF relationships (e.g. BIO-DEPTH: Hector et al. 1999; Cedar Creek experiment: Tilman et al. 2001; Jena-experiment: Scherber et al. 2010) . While this approach is the least representative of the three, the establishment of synthetic communities allows maximizing the orthogonality and comprehensiveness of the design. Approximately a decade ago, the first tree diversity experiments have been set up in Finland , e.g. Vehviläinen & Koricheva 2006 ) and Germany (2003 , Scherer-Lorenzen et al. 2007 ). Today, a global network of tree diversity experiments (TreeDivNet, www.treedivnet.ugent.be) is developing.
In this paper, we present the recently established FOR-BIO experiment (FORest BIOdiversity and Ecosystem Functioning, http://forbio.biodiversity.be/). FORBIO is a tree diversity experiment of which the basic design features are similar to the other experiments in TreeDivNet. At the same time, the FORBIO experiment is unique as it consists of a similar experimental set-up at three sites with contrasting edaphic and climatological characteristics. Paquette & Messier (2011) stated that one of the most interesting unresolved questions in BEF research is whether the effects of complementarity on ecosystem functioning decrease in favour of competitive exclusions in less stressful and more productive environments (cf. stress-gradient hypothesis of Bertness & Callaway 1994) . Using productivity data from a large forest survey database in Québec (Canada), these authors indeed demonstrated that complementarity may be less important in temperate forests growing in relatively stable and productive environments where competitive exclusion is the most probable outcome of species interactions, whereas in the more stressful environments of boreal forests, beneficial interactions between species are assumed to be more important. Vilà et al. (2007) came to the same conclusion, using forest inventory data from Catalonia (NE Spain). They found that the high productivity of deciduous forests is not affected by the addition of new functional groups to the community, but that the low productivity of sclerophylous forests increases with the presence of other functional groups. Running a simulation model calibrated on eleven forest sites in Switzerland along a broad environmental gradient, Morin et al. (2011) were able to further refine the hypothesis. These authors demonstrated that the slope of the richness-complementarity relationship was steeper at the less fertile sites, but that the absolute complementarity values, calculated following the additive partitioning approach proposed by Loreau & Hector (2001) , are larger at the most fertile sites. Based on a literature review and experiments with microalgae, Steudel et al. (2012) also came to the conclusion that biodiversity enhances ecosystem functioning under stressful environmental conditions in relative, but not in absolute, terms. However, empirical support for the changing BEF relationship along environmental stress gradients in real world situations is largely confined to inventory studies with a low orthogonality and comprehensiveness, i.e. covarying factors are present and the studies only focus on aspects of productivity. Hence, there is a clear need to build variation in environmental conditions directly into the design of field experiments (cf. Gessner et al. 2010) and to measure multiple ecosystem processes.
The specific hypotheses we would like to test with the FORBIO experiment are:
(1) Ecosystem functioning, including stocks and fluxes of energy and materials and their stability over time (cf. Pacala & Kinzig 2002) , increases with increasing diversity, but the strength of the BEF relationship depends on the function under consideration; (2) More species are needed when multiple functions need to be optimized simultaneously;
(3) Across all functions, the complementarity effect is more important than the selection effect and the relative importance of the complementarity effect is most pronounced in more stressful environments.
In this paper, we will first introduce the characteristics of the three FORBIO sites. Then we will explain the experimental design, the planting and the management of the sites. We end with an outlook on the ongoing and planned research.
FORBIO EXPERIMENT

Site characteristics
The three FORBIO sites are distributed across Belgium ( fig. 1 ) and have contrasting site conditions (table 1) . The Zedelgem site is located in the Cuesta ecoregion (sensu Sevenant et al. 2002) , close to the North Sea. The site has a very mild, temperate climate. The soil parent material varies from sand to loamy sand, and the soil moisture regime varies between dry (minimum water table depth 90-120 cm) to moderately wet (minimum water table depth 40-60 cm). Until 2008, the site was in agricultural use and both arable crops (potatoes, maize) and grass were grown. The Hechtel-Eksel site is located in the northeastern part of Belgium, in the Campine ecoregion. The climate is somewhat less mild with higher temperatures in summer and lower temperatures in winter. The soil consists of coarse sand and is dry (minimum water table depth 90-120 cm). The site was converted Figure 1 -Map of Belgium with the three FORBIO sites and the experimental set up at each site. The tree species diversity per plot ranges from one species (white) to four species (dark grey). In Zedelgem, three provenances of oak were used in the series of plots with numbers 21-42. In Gedinne, three provenances of beech were used in the plot series 21-44. In the plots numbered 1-20 at these sites, only one of the provenances of oak (Zedelgem) or beech (Gedinne) was used. In Hechtel-Eksel, plot 0 was not planted and was left for spontaneous succession.
from heathland to pine plantation in 1908. At the time of the clearcut in late 2010, stands were composed of Pinus sylvestris and Pinus nigra subsp. laricio with an age varying between 72 and 96 years. The Gedinne site is located in the Ardennes ecoregion and consists of two subsites c. 2 km apart. The climate is colder and harsher compared to the other two sites (table 1) . The relatively shallow (c. 60 cm) soil has developed in a stony solifluxion sheet in which the weathering products of the bedrock (sandstone and schist) were mixed with periglacial loess. In contrast to the Zedelgem and Hechtel-Eksel sites, the Gedinne site has had a forest land use at least since the oldest available map (de Ferraris 1771-1778), and it is not unlikely that, even in the more distant past, it has never been reclaimed for agriculture. Hence, it is considered to be a so-called ancient forest site (cf. Hermy et al. 1999) . The original broadleaved forest has been converted into a spruce plantation in the 1920s (or earlier; exact date not known). This c. 85 year old plantation has been clearcut in 2005.
Prior to the establishment of the experiment, the intra-site variability in soil characteristics was assessed to avoid any coincidental covariation between diversity levels or tree species presence and soil characteristics. Hence, a large number of soil samples were taken at the three sites and analysed for pH, total phosphorus (P tot ), total nitrogen (N) and total carbon (C) content (electronic appendix 1). The values at the Zedelgem site still reflect the agricultural history. The pH and P tot were relatively high, whereas the % C, % N and C/N were relatively low. Fairly strong spatial patterns occurred: % C and pH were higher on the more elevated northeastern part of the site, whereas P tot was clearly lower at the southeastern part of the site, which is probably related to the fact that this part of the site has known a longer use as (less intensively fertilized) grassland. The pH and P tot values at the Gedinne site were clearly lower than at the Zedelgem site, whereas % C, % N and C/N were higher. The Gribelle subsite at c. 373 m altitude had a significantly higher pH and P tot and a lower C/N compared to the Gouverneurs subsite (one-way ANOVA, p < 0.05), located at c. 424 m altitude. At the Hechtel-Eksel site, the average C/N value is a factor two to three higher and the average P tot value is a factor three to ten lower compared to the Gedinne and Zedelgem site, respectively.
Summarizing, it can be assumed that the overall growing conditions are most favourable at the Zedelgem site because of its favourable climatic conditions and the higher availability of water and, especially, soil nutrients. Water availability and soil fertility are most limiting at the Hechtel-Eksel site, whereas the climatic conditions are less favourable at the Gedinne site.
Experimental design
The experimental design of the three sites is similar and takes into account the numerous considerations for setting up a proper diversity experiment (cf. Scherer-Lorenzen et al. 2005) . At each site, a pool of five tree species was used (table 2). The species were selected based on the following criteria (ranked in decreasing order of importance): (1) the species must be well-adapted to the local site conditions;
(2) the species must be (economically) important for forest management in Belgium and (3) ter criterion was added since species traits link community composition with ecosystem functioning (cf. Suding et al. 2008) , and since it can be assumed that communities exhibiting a higher functional trait diversity will display a higher degree of ecosystem multifunctionality (Hector & Bagchi 2007 , Gamfeldt et al. 2008 ) and will deliver a larger range of ecosystem services. It should be noted that we have selected two non-native tree species at both the Gedinne and Hechtel-Eksel sites (table 2) . Recently, it has been shown that nonnative species may show a different behaviour than native species in biodiversity experiments, among others due to the less pronounced plant-soil feedbacks (Wilsey et al. 2009 ). The selected species were used to create a diversity gradient from monocultures up to four-species mixtures. In total, twenty treatments were established, including five monocultures, all five possible four-species combinations and a random selection of five two-and five three-species combinations. Two replicates of each treatment was realized, which resulted in 20 × 2 = 40 plots per site. This will allow testing the significance of particular species combinations and estimating the variation within treatment combinations. When selecting the two-and three-species combinations, it was assured that species were equally represented across all plots, resulting in an overall frequency of each species of 20/40 plots, and an overall frequency of the joint-presence of two species of 10/40 plots. This design will allow making a proper distinction between selection and complementarity effects (cf. Hector et al. 2009 ), exploring the nature of the interactions within and among particular species along the diversity gradient and estimating the variation within treatment combinations.
The total number of plots in the experiment is, however, 127 and not 120. At the Hechtel-Eksel site, there is one extra plot left for spontaneous succession. At the Zedelgem and Gedinne sites an extra subtreatment was added, using one versus three provenances of oak (Zedelgem) and beech (Gedinne) in the first and second replicate of twenty plots, respectively (table 3) . Therefore, two additional monocultures with the extra provenances were added in Zedelgem and four in Gedinne (two in Gribelle and two in Gouverneurs). Experiments manipulating genetic diversity within tree species are rare (but see Vehviläinen & Koricheva 2006 and Castagneyrol et al. 2012 ). However, high levels of genetic diversity may become of vital importance for sustained forest ecosystem functioning, especially in a rapidly changing environment (Aerts & Honnay 2011) . This subtreatment will allow testing whether the performance differs between plots with a lower versus higher intraspecific genetic diversity and whether this effect depends on the diversity and identity of the other species present in the plot.
At all three sites, trees are planted on a 1.5 m × 1.5 m grid. The plot size is 42 m × 42 m at the Zedelgem site, resulting in a density of 784 trees per plots. The plots at the Gedinne site also measure 42 m × 42 m (784 trees), except thirteen plots that have a size of 42 m × 37.5 m (700 trees). The Hechtel-Eksel plots measure 36 m × 36 m and contain 576 trees. The total number of planted trees at the three sites is 32 810 (Zedelgem), 33 404 (Gedinne) and 23 040 Table 3 -Overview of the provenances, the age and size of the planted trees at the three FORBIO sites and the overall tree survival rates (% surv) after the first (GS1) and second growing season (GS2).
desire to obtain interspecific interactions as soon as possible with the wish to sustain the mixtures also in the long run, trees were planted in small monospecific patches of 3 × 3 trees ( fig. 2 ). Cells are arranged in a checkerboard pattern in the two-species mixtures, but were randomly attributed to the species in the three-and four-species mixtures. Before attributing the treatments to the plots, we controlled for any possible covariation between the treatments and the measured soil characteristics (see above). This was done in two steps: (1) by blocking each replication at the sites where there was an obvious gradient in environmental conditions (low-lying southwestern versus more elevated northeastern part of the site in Zedelgem; Gribelle versus Gouverneurs subsites in Gedinne) and (2) by running ANOVA models to test whether there was any significant difference in the soil characteristics between the diversity levels and between plots with and without any of the five selected species. Treatments were randomly attributed to the (blocked) plots until no significant difference (p > 0.1) in any of the characteristics was present anymore. Analysis of data on groundlayer vegetation and soil biota collected after planting at the Zedelgem and Gedinne sites confirmed the lack of covariation (see electronic appendix 2).
Site preparation, (re-)planting and site management
At the Zedelgem site, the compacted layer at the bottom of the plough horizon (A p ) was loosened up in spring 2009 by means of a subsoiling treatment. In autumn 2009, prior to the planting, the entire site was worked with a rotary cultivator to remove the vegetation. In Gedinne, the entire site was mulched to fragment the slash and logging debris and to suppress the vegetation in winter 2010, prior to the planting.
Hechtel-Eksel experienced the most drastic site preparation. All the stumps of the former pine plantation were removed, and the site was disked in fall 2011 and 2012. In Zedelgem and Gedinne, a fence to prevent damage by hare/rabbit and deer, respectively, was established before planting. Plants (see table 3 for more details) were bought in commercial nurseries and were manually planted in winter , early spring 2010 (Gedinne) and late autumn 2012 (Hechtel-Eksel) . Trees at the Zedelgem and Gedinne sites that were dead or exhibited uncomplete foliage (> 1/3 foliage loss) and/or a dead terminal shoot were replaced in winter-spring 2011 and 2012. The overall survival rate after the first growing season was c. 80% at both sites (table 3) . However, the rates were quite variable between species and provenances. In Zedelgem, the survival rates of pine (c. 57%) and of one of the oak provenances (c. 53%) were remarkably low. In Gedinne, one beech provenance (c. 40% survival) stood out. For these three species, the low survival could be attributed to the poor quality of the planting material. Following replanting, the overall survival rate increased to c. 93% (Zedelgem) and c. 86% (Gedinne) after the second growing season, and the interspecific variability in survival strongly decreased. A second and last replanting at both sites has been done during winter -early spring 2012. After the planting, the vegetation has been mowed once a year in Zedelgem and twice a year in Gedinne. Vegetation management will stop as soon as the trees no longer risk to become overgrown by herbs, ferns or graminoids. Special attention was given to the elimination of spontaneously established trees. This will probably become an important issue at the Hechtel-Eksel site, where significant natural regeneration of pine and birch is expected. Decisions on possible future cleaning, pruning and thinning operations have not been taken yet and will depend on the future tree growth and survival.
OUTLOOK
Monitoring of ecosystem functioning started shortly after the planting in the Zedelgem and Gedinne sites and will start soon in Hechtel-Eksel. Multiple processes are being measured (table 4) , ranging from tree growth over element cycling to associated biodiversity dynamics. As the trees grow older, we plan to add more processes, e.g. water cycling, to the monitoring scheme so that the picture of ecosystem functioning in the different treatments will be as complete as possible. Extra process components that will be added include, among others, tree quality development, stand structure development, tree phenology and litterfall dynamics. Yet, assuring that measurements are performed in all the plots, in order to include the full range of treatments, sites and processes in the analyses, is currently considered more important than adding extra ecosystem processes and components to the monitoring scheme (i.e. maximizing comprehensiveness).
The extensive and sustained data collection campaign will allow testing the hypotheses outlined in the introduction. Furthermore, the data will allow going beyond purely statistical assessments of the magnitude of complementarity effects, which is considered to be an important next step in BEF research (Cardinale et al. 2011 ). FORBIO's experimental design (e.g. having monocultures of all species in place, a similar tree density across treatments and sites, the possibility to measure the contribution of individual trees to eco-system functioning) allows applying a wide range of mechanistic statistical models with parameters that refer to actual biological processes (cf. Hector et al. 2009 ). Nevertheless, these models will ideally be combined with experimental approaches that directly quantify the processes involved in species interactions. The repeated data collection will also allow testing the hypotheses at different points in time and in different stages of stand development. In grassland experiments, it has been shown that diversity effects become stronger over time (e.g. van Ruijven & Berendse 2005 , Dybzinski et al. 2008 . By contrast, Vilà et al. (2005) found that a positive diversity-productivity relationship was only evident before canopy closure in Mediterranean forests in Catalonia (Spain). Most likely, the impact of stand development stage on BEF relationships will be function-dependent. At our sites, it can be assumed that the diversity effect on stand growth will be stronger in the stem exclusion stage than in the stand initiation stage (sensu Oliver & Larson 1996) . The opposite may be true for understorey vegetation dynamics, due to the often uniformly low light availability and, consequently, vegetation cover on the forest floor in the stem exclusion stage.
Not only basic science, but also forest management will benefit from the results coming from the FORBIO experiment. A recent survey among forest practitioners in Belgium demonstrated that there was surprisingly little common ground between current scientific knowledge and the practitioners' perception on ecosystem services of mixed species forest stands compared to monocultures (Carnol & Verheyen 2010) . Communication of the outcomes of FORBIO to this non-scientific audience is therefore as important as the com- munication to scientists. This can be done in a classical way via publications or a website, but, for instance, also by means of discussions at the experimental sites themselves. Finally, FORBIO is also a test case for uncommon, not well-known tree species mixtures. Traditionally, forest management in Belgium (and elsewhere) has focused on a rather limited number of stand types, and these stand types now dominate the forest area. In an era of global changes, in which the future performance of tree species is unsure (e.g. Campioli et al. 2012 ), these uncommon mixtures may become important learning objects for practitioners.
To conclude, we are convinced that FORBIO is an important ecosystem experiment that has the potential to deliver badly needed insights into the multiple relationships between biodiversity and ecosystem functioning, which will be valuable for both science and practice. Furthermore, we consider FORBIO as an open platform, meaning that any junior or senior scientist with an interest in studying BEF relationships at the FORBIO sites is welcome.
SUPPLEMENTARY MATERIAL
Supplementary data are available in pdf format at Plant Ecology and Evolution, Supplementary Data Site (http://www. ingentaconnect.com/content/botbel/plecevo/supp-data), and consists of the following: (1) soil survey protocols used to characterize the three FORBIO sites; (2) characterization of the initial understorey vegetation and soil biota community at the Zedelgem and Gedinne sites of the FORBIO experiment.
